Abstract -Hammer throw has a long-standing history in track and field, but unlike other events, hammer throw has not seen a new world record since 1986. One reason for this stagnation is the lack of scientifically based training. In this paper, we propose to establish scientifically described training targets and routes, which in turn require tools that can measure and quantify characteristics of effective hammer-throw. Towards this end, we have developed a real-time biomechanical feedback device -a wireless sensor system -to help the training of hammer throwers. The system includes two sensors -an infrared proximity sensor for tracing the hip vertical movement and a load cell for recording the wire tension during a hammer throw. The system uses XBees for data transmission and an Arduino processor for the wireless system control. It is hypothesized that wire tension and vertical hip displacement measurements would be sufficient to supply key features when analyzing hammer throw.
INTRODUCTION
Wireless sensor network (WSN) is a very popular technology today. There are many people doing researches in this field. For example, Piyare and Lee analyzed the performance of ZigBee wireless network by XBee ZB [1] . Keshtgari and Deljoo described a WSN system used for precision agriculture applications, which consists of a set of sensor nodes and a base station [2] . Other current applications and research works on WSN can be found in [3] , [4] , and [5] .
WSN is very helpful in many kinds of sports for kinesiology scientists to do the research and analysis in the athletes' training. For instance, Heart Rate Monitors (HRMs) can be used for helping training in various sports areas. Wireless sensor networks can benefit HRMs, which may allow athletes to monitor themselves remotely and wirelessly [6] . Our research goal is to help coaches acquire the necessary data from the movements of the hammer-throw athletes so that they can make appropriate training methods for the athletes to improve their skills in the future.
Wireless sensors make things easier and more convenient than wired sensors to detect athletes' movements and collect data. WSN consists of various nodes which can communicate with each other. In our research, we have developed a WSN system. The system includes a sensor node and a receiver node. We use XBee RF modules (IEEE 802.15.4) for transferring data between the sensor node and the receiver node. We use Arduino Mega to control and process the sensors. We put the sensor node on the athlete's body. Those sensors will detect and collect the required data from his/her hammer-throw movements, and then the data will be sent to an end-user computer for further process.
II. RELATED WORKS
Sakr claimed that hammer-throw is very fascinating, and it is also complicated in the track and field events [7] . The athletes' performance can be improved by analyzing the motion deeply from the perspective of biomechanics [7] . There are two important parts involved in Marwa Sakr's study. Since the kinetic energy can be transferred through the human body step by step, the first part of the study is to quantify the kinetic energy of the body segments of the athletes [7] . The second one is about measuring the accelerations, the angular velocities and the strain force in the wire by developing a Measurement Information System to help the training of the athletes [7] . Our research goal is based on this point. We try to develop and provide a system to the coaches and the athletes for helping them in the training session.
Sakr's system has five digital cameras to capture the motion, and uses Simi Anthropo Model version 1.2 to calculate body segment masses and the location of the center of gravity [7] . The system also uses Simi 3D Motion Program version 7.5.300 to analyze the motion [7] . There are some problems and errors during recording the motion, such as record location problems, calibration errors, and human errors (incorrect digitization) [7] . Therefore, Sakr introduced the Microelectromechanical systems (MEMS) technology which can overcome most of the problems [7] . However, when using MEMS technology, there are wires which are uncomfortable for the athletes. Additionally, through our pilot study, we found that wire tension and vertical hip displacement measurements alone may be sufficient to substitute 3D motion capture when analyzing hammer throw. Thus we used the wireless sensor technology to develop an analyzer that can 1) measure real-time wire tension and vertical hip displacement, 2) establish how to reach desirable tension and displacement, and ultimately 3) provide biomechanically-guided training plans customized to each athlete's anthropometrical data. This WSN system aims to be both a research tool and a user-friendly training tool for coaches and athletes.
III. METHODOLOGY AND SYSTEM CONFIGURATION
The basic idea in our research is to establish a system of wireless sensor network to receive two kinds of data: the distance from the athlete's waist to the ground and the tension during the process of the hammer-throw movement.
In this system, we use a sensor node to collect data and send the data to a receiver node via wireless communication. 1 shows the architecture of our WSN system. We can tie our system device to the athlete's waist. This device is the sensor node which is used for collecting data and sending data to the receiver node. We have a laptop for receiving and processing the data that is transferred from the sensor node. A critical part is the communication between these two nodes. We use one XBee for each of the nodes as a wireless transfer method. We configure the XBees in advance to make sure they can only recognize and communicate with each other.
We implement the hardware of the sensor node which is shown in Fig. 2 . The Arduino Mega (ATmega1280) board can be treated as the CPU, and an XBee module is installed on it. The Arduino connects with two sensors. The distance sensor occupies the analog input 8 in Arduino, and the tension sensor occupies the analog input 9. For the distance sensor, it shares the power with the Arduino board. For the tension sensor, we use additional batteries to support the power for it. There is a 10 voltages regulator for the tension sensor. We use a special electronic component (amplifier) which can bring up signals from the load cell to generate 10 voltages so that the ADC (Analog to Digital Convertor) can convert. We also install an external SRAM (static random access memory) component onto the Arduino board to make sure we have enough memory to process the data. Fig. 2 shows the hardware of the sensor node. It contains three basic components: two sensors, an Arduino board and an XBee. There are two sensors in this system. One is for measuring the distance from the waist of the athlete to the ground. We use the infrared proximity sensor made by Sharp, which has an analog output varying from 2.8 V at 15 cm to 0.4 V at 150 cm [8] . The other one is a load cell (tension sensor) for testing the tension during the athlete holds and throws the hammer. The load cell is produced by Omegadyne and its type is LCFD-1K. It can support at most 1000 LB [9] . We use Arduino Mega (ATmega1280) board [10] as a microprocessor. The ATmega1280 has 128 KB of flash memory for storing code but we enlarge the memory by 32 KB for providing sufficient space to collect data. We use XBee TM produced by MaxStream Inc. as the transceiver in our system. The outdoor range of XBee TM is up to 100 m, and the radio frequency (RF) data rate is 250,000 bps [11]. In order to put it on the Arduino board, we also need an Arduino XBee shield shown in Fig. 2 , which is right under the XBee. The shield can be placed directly on the Arduino board and then the XBee can be embedded on the Arduino board via the shield so that Arduino can have the access to the wireless communication.
We use event-trigger control for the sensor node. Once the tension sensor feels any tension voltages above 15 V, which we believe this tension means the athlete is beginning to throw the hammer, the sensor node will start collect data. There is a connector installed between the hammer and our system device. When the hammer is thrown away by the athlete, the connector will be released along with the hammer, which means the tension sensor cannot feel any tension and the sensor node will stop collecting data. The sensor node keeps sending data to the receiver node in real-time. If we reconnect the connector, the sensor node can work again. We have a stop button on our graphic user interface in the enduser computer to control the sensor node. The stop button can make the sensor node not sending data to the receiver node. By applying this technology, it will be more convenient and accurate. Since we do not need to tell the athlete to start, he/she can start throwing movement when he/she is ready. Therefore, it does help in improving the athlete's throwing movement skill.
In Fig. 3 , we show our receiver node. The receiver node consists of an XBee which is the same type with the one used in the sensor node and a laptop. The XBee in the receiver node also needs a shield to be connected to the computer via a USB cable. The end-user computer is used to receive, monitor and process the data which is sent from the sensor node. 
IV. PROGRAMMING AND INTERFACE
In the sensor node, we can write codes in Arduino sketch which is a kind of software integrated development environment based on C/C++. Its library is related with AVR Libc and allows people to use its functions [12] . We can upload the program directly from the Arduino sketch to our Arduino Mega board so that we can control our sensor node and make an initial process when collecting and sending data.
In the receiver node, we use MATLAB as our programming tool. We have made a graphical user interface in MATLAB. We also write a program to process the data and plot the data in a 2-D graph. An example of our interface is shown in Fig. 4 . We use it to monitor and process realtime data on PC. 
V. TEST SENSOR VALUES
Since the sensor node detects the electrical signals, we get data in voltage. We have to convert the voltage unit to the actual unit in order to read the data values.
As Fig. 5 shows, considering the practical cases, we have tested 60 cm, 70 cm, 80 cm, 90 cm, 100 cm, 110 cm, 120 cm, 130 cm, 140 cm and 150 cm to get the distance sensor voltages for each of the distances. We use the regression interpolation method to get the equation of converting the voltage values to centimeters. Since the equation is not linear, there will be a small error. However, we have tried to shrink the error range to make it acceptable.
As Fig. 6 shows, we have also tested our tension sensor. Because we have already known the tension sensor has high linearity, we just need to test a few weights to examine it. We test 10 lbs, 15 lbs, 20 lbs and 25 lbs to get their voltage values respectively and generate a linear equation. Then we examine the equation by testing 30 lbs, 35 lbs, 40 lbs and 45 lbs. The error range is very small which is also acceptable. 
VI. FUTURE WORKS
For the next stage, we will put our research product into practice. We will do a field test with some hammer-throw athletes in reality. We plan to test two male athletes and two female athletes in three different days. We will test them two times on each testing day. Thus, we can gather enough data to do a further analysis and to seek for any interesting features from the perspective of kinesiology by comparing the datasets. In addition, in terms of the network security, we may develop a security system on the current device in order to prevent the noisy signals and any other violations during collecting the data.
VII. CONCLUSION
Wireless sensor networks can be applied in a large variety of research fields. In present study, we take advantages of this technology to implement an electronic device for hammer-throw athletes as well as the coaches to help improving the performance of their throw skills. While we are using wireless sensors to make easier lives for people, we cannot forget any troubles which may be produced from the network technology, like a hack. Therefore, we must consider the network security at the same time when we use wireless sensor technology.
